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i 

BVIMONOUPOSOMESTHAT OPTIMIZE 
INTEKNAUZATION INTO TARGET CELLS 

Tl,eFese«tave«tontel««»thefieMofUposoBcs. Inpmicubr. 

^ p«e« invendo. «U«s » Upborne, spccffiCl, »rg«d » ctan«c*» 
Je. ™ mge. ccm »d .bid. » 4 mole pc.=»t of . hyd^pb^ 

polyo^cr .bich «um to un»p«- bigh n« of celluto i-n-^ 

Tlus»»»flon™n>«ie»ifl.Gom™e«™pp<«0BdeTOn»>.Nos. 

P5aCA58«>7, GM28i,7. CA36773 CA25526. ««nM b, 
l^ofH»Hh. mGo,a»n««of««U««dS««.ba.c«»nngh»m*.s 



invention. 



A nmnber .f ,ba™«»«i=>- •BM' 

rUdcg™.a*.i.s»n.«bicbc=«b3™per*«de«>op»c«ofsu«.b.ec^^ 
a« soh«ion u, a«» ^b.e.» b» been » »CP»^.« 

20 f<™.Mo,.b.sMo»Upo»«»«b»b,E,a«ofsig.^fic»«»«e^^ Uposo™^ 

„ Upos<«n«bav.p™v«.av*»b..»o.«»i"^«.aeHv«,s,s»n 
for »ba«b.g .be efficac, o, vartcus pba^aoologicaB, acflv. -"^^^ 

3'..a».o, a- ^ ^ «. cU-^al «i..s ,*b proous^g 

36 ^<sc»u..«-^£-.^.a.»-<^'*-'-«^'"-'''-'^'^''''- 
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Eur. J. Cancer Qin. Oncol.. 25: 1795-1803 (1989); Treat et d., /. Natl Cancer 
Inst, 82: 1706-1710(1990); Upez-Berestein « a/. J. Irtfect. Dis., 151- 704-710 
(1985); Presant et aL Cancer, 62: 905-911 (1988)). In addition. liposomes have 

'^"^o^^ to be efficiem carrier of antiparasitic dnigs for treating int«^^ 
infect,onsofthe,eticuIoendotheliaIsys,em(RES). inactivati^ 
to become tumoricidal. in models of metastasis, and in enhancing the immune 
response to encapsulated antigens, thus facilitating the formulation of artificial 
vaccmes iUposomes in the Therapy of Infectious Diseases and Cancer Lopez 

B««stein&FidIer.eds.Uss. New York (1989); Alving«fl/./;««^^^ 25. 
10 275-280(1990)). ' 

All these effects stem from the capacity of macrophage cells in the 
liver and spleen (mononuclear phagocytic system MPS or reticuloendotiujlial 
system RES) to remove fl« majority of liposomes from the blood circulation withm 
mmutes ^Jposames as Drug Carriers, Gregoriadis. ed.. Wiley. New York 
15 (1988)). Such rapid clearance of liposomes however, has limited their prospects 
as an « vivo delivery system for transporting drugs to sites of disease beyond the 
RES. 

Recent reports have described the use of various polymers to 
«nim half-life of liposomes. In particutar.it has been reco^ 

20 fonnulations of liposomes containing either mono-sialoganglioside (GM.) or lipid 
derivatives of polyethylene glycol avoid MPS removal and significantly increase 
senmi half-life (Allen et al. FEBSLett. . 223: 42^ (1987); Klibanov et al FEBS 
Lett. , 268: 235-237 (1990); BImne et al. Biochim, Biophys. Acta., 1029: 91-97 
(1990); Ml^etal. Biochim. Biophys. Acta. 1066: 29-36(1991); Papahadjopoulos 

^ etal., Proc. Natl. Acad. Sci. USA, 88: 11460-11464(1991); Senior«a/. Biochim 
Biophys. Acta., 1062: 77-82 (1991); Allen ^«/. Biochim. Biophys. Acta., 1068- 
133-141 (1991)). 

Many reports have demonstrated that rapid removal of circulating 
liposomes in vivo by cells of the mononuclear phagocytic system (MPS) can be 
overcome by mcorporation of lipids derivatized with the hydnjphUic polymer 
polyethylene glycol (PEG). These liposomes arc referred to as sterically stabilized 
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or -aealth- liposomes. Wifl. PEG ha^g . moleaUar weigh, in te nmge of 1000 
„ 5000, prolonged cin:ula«on and reduced MPS uptake is achieved (Woodle & 
Usic. aocWm. ll.<^5. Am 1113:171-199 (1992)). Hov«ver. «us «ducnon 
in clearance by the ^ffS is dso associaW wid. . reduction in uputo b, a vanet, 

5 of cells (Lee. K.D. e. al. B.»c«.m. BiopAys. Acu, 1103:185-197 (1992)). I. 
addition, the p.«enc of hydrophilic polymers on .he surface of the liposome 
.pp«« u> in^rfere with speciflc lig«»i recognition by mgettng nK,«=t«s 
coniugat«l to the liposome. Pn««m.bl, dds occurs due to sKric hind«ance of tt« 
acdvesi»ofd»tartedngmoietyby.helongchainPEGmotec„les. (Klibanovet 

10 al. moMm. Blophfs. Am 1062:148-148 (1991)). 

Finally, while mosldierapeudcagentstransporBrf by liposomesmust 

^ cytoplasm ofd»«rge.ceUinordertoexp..ssd«ir biological 
h is generally appreciated that most Up^omes eid« no. aca-ally i«emal.z«l 
. b,u»targe.ceIls.or.whe,.up.akedo.soccur.itisge.er,Uyvu«.«-ocytooc 
15 paU,wa,. Thus acmal drug «. to targe, cel. typically entails release from d« 

,ipo»me (..«. du^gh disruption of d» liposome hself or d^ 'lea*^ ) "> 
,1„ vicinity of the target ceB and d«nsubse,uen.uptal«(eid«dm»ghdrfrus»^^ 

enaocosis. phagoc«»is. or actfve nanspor.) »f .he U.erapeadc agent ftom 
sotation by UK t^ge. cdl. Weed immunoliposomes have bee. designed to 
20 act.al.yi«duced.stabiliz«ionandf».gment«ionofd«liposomeo«..be^^ 
andbody has boutKi a t,rg«. U-reb, freang dte Uposome contems («.. U.S. 
NO. 4.957.735). Even d«se -arge-s^^idve- liposomes, lose a 

consid^able »no»« of die d«.p«.ic .g«« <» "-"o" " 
byto^rgetcell, Al«n«ivel,. if d-e liposome is imenulized by an «^o«c 
25 process.!, is uldma^lytacotpor^ed in. lysosome whetes^ong acid cond-uons 
exist dut can degnde a number of d«nveu.ic agents (e.g. ptoBms). 

Tte, deliv«y of effectWe doses of d«n««i» agenu to the 
^plasm of d„ targe, cdl is hamp««i by low residence dm« in senm. 
ilffective targctmg wh«. residence times ate mceased. considcmble loss of d« 
30 d^tapeuttcageminsoludcnbefbrehmaybc^kenupbydtetarget ^U 

degn.daUonofd,ed«.apeudcind«endosomicnysosomicpad™ay. Clearly... 
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would be desirable to obtain a liposome with increased serum half-life, capable of 
specifically targeting particular cells, and also capable of being intemalLeed into the 
cytoplasm by the target cells thereby avoiding loss of the therapeutic agent or 
degradation by the endosomic/lysosomic pathway. 

SUMMARY Oy T HE INVRNTIO l ^ 
TTie present invention provides novel immunoliposomes optimized 
for delivering therapeutic agents to its cytoplasm of a target cell. These 
immmioliposomes exhibit increased half-life in blood, are capable of specifically 
targeting particular cells, and are capable of being internalized into die cytoplasm 
by the target cells thereby avoidirig loss of tfie tiierapeutic agents or degradation 
by the endolysosomal pathway. 

Thus, in one preferred embodiment diis invention provides for 
immunoliposomes that optimize internalization of a therapeutic agent into the 
15 cytoplasm of a cell bearing a characteristic cell surface marker. Hiese 
immunoliposomes comprise an Fab' domain of an antibody wherein tiie Fab' 
domain specifically binds die characteristic marker, an amphipathic vesicle-forming 
lipid tiiat forms a liposome, a polyetiiylene glycol dwivatized lipid wherein die 
polyethylene glycol has an average molecular weight of between about 750 D and 
20 5000 D. more preferably between about 1200 D and about 3000 D. most 
preferably about 1900 D. and a tiierapeutic agent contained wifliin tiie liposome. 
The derivatized lipid is present at up to about 1.2 mole percent, more preferably 
at up to about 2.4 mole percent, and most preferably at up to about 3.6 mole 
percent of total lipid. Preferred characteristic maricers include growtii factor 
25 receptors. Particularly preferred are growtii factor receptors including HERl. 
HER2. HER3 and HER4 witii HER2 being most preferred. The Fab' domain may 
be a humanized Fab' domain, more specifically a humanized Fab' domain of an 
anti-HER2 monoclonal antibody. The growtii-inhibiting immunoliposome may 
fimher comprise a maleimidfr^ierivatized phosphatidyleflianolamine (M-PE) which 
30 forms a tiiioetiier linkage to tiie Fab' domain of an antibody. The vesicle forming 
lipid may include a phospholipid, a glycolipid. a sphingolipid. or a sterol. The 
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500 nm. «.on= pn=fetabl, about 75 »m u, about 300 om atKi nK»t prefenbl, .s 
about 100 im. Tl«rn«.tic ageau to te lil»so» ■"•V """^ .t^y""- 
Ida^bioto. -toxamronc. tnitomyoto. cisplatb, a.«i other PUttaum U «»logs. 
5 ^Kriata.. epintbicta. adactaonwcta. mc.ho.Kate. «oposkle. doxmubKU., 
ey«,sine ..^taoside. n»o™»«=U ott." ftortaaed pyrimi^toes. punnes. or 
oucleoskfcs, bteomjK^ta. miunnycto. pltamycta. da<»too»ycto, cydophosphanude 
art derivatives ttweof. U.io«p.. BCNU. «aol, u««« a«i oter 
deriv«iv.s a»d isolatts. c»»p«»b.ctos. polw«M«. a »c.eic Kid. . »»ctete acui 
,0 bavtag a pbospbo^diioae ta«n«teodde Itokage. and a »Klelc acid bavu« a 
polyamide inttraucleottde linkage. 

to one paniculaily pKfc™! tamunoUposome, tt« annbody Fab 
donuin is ^ of rt»MAbHER2, w«b tt» Fab" donurin conjugattd «> nudeim.de- 
deri«>tized pbospbatidyleftanol^nine (M-PE). d« vesicle fbnntag l.pri 
,5 pbospbaUdylcboiinc (PC) cbo.es»o. (Choi) and U« po.,e%<c« ^)«' 
derivadzedlipidispo.y«bylencg.ycolderivatizcdphospbaUdylcd»n„ianu.c(^^ 

PB) wbcte polyedtylene glycol component bas a mol»»lar weight of a^ 
D. a»l whet. *e «ao PC:Chol:M-PE is 150:100:3 and ^ PEO-PE » 
p„»en. in an amount up » *o». 3.6 mole pccen. of tool hp»l. 

„ This tavendon dso provides for a meU»xl of opom-zmg 

i^i^donof.d«rape«dcagc«in».cdibea.ingach.r.c»risdcourl«r.te 

^ comprising conucdng d» wiU. of d« immunohposo^^ 
,,..,^aboveandin«rnaliztogU»iiposomeco««n.»tomte 
cell. TOs ta«mali=«ion ma, be by fusion of Uk liposome wifl. ceU membnn.es. 
25 or early extt from d«endocydc vesicles. 

in another prefemid embodiment, dns invention provries for a 
growdHinhibittog hnmu«,liposome U« specifically binds » a ceU beam* a 
Le^risdc ceU surftce marker d.e,eby inhibidng U« pro.ife.adon or grow* of 
to, cell. The immunoliposome comprises an Fab' domato of an andbody where 
30 d.Fab-domamsp.cific.U,bi»ted«ma,kerand«.»nphipaddcvesicie.fo™.ng 
,ipidto.fonns.hposomc.Unlike.ypicaldn.g-delivery liposomes, however.dus 
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15 



20 



25 



30 



liposome contains no growth-inhibiting therapeutic agent and may contain no 
therapeutic agent at all. A composition may be identified as not being a giowth- 
inhibiting Uierapeutic agent when die decrease in proliferation rate of target ceUs 
is less than 10 percent, more preferably less than 5 percent, more than the decrease 
5 in proliferation rate of the target ceUs caused by an -empty" liposome containing 
no agem (other than a neutral buffer or water) at aU. Preferred characteristic 
markers include growth factor lecepton. Particularly preferred are growth factor 
receptors including HERl. HER2. HER3 and HER4 wifli HER2 being most 
preferred. The Fab' domain may be a humanized Fab' domain, more specifically 
10 ah™iani2edFab'domainofananti.HER2(anti-pl85HER2)monocl«^ 

Tbc growth-inhibiting immunoliposome may fimher comprise a malennide 
derivatized phosphatidylethanolamine (M-PE) which forms a thioeiher linkage to 
the Fab' domain of an antibody. Tbe vesicle forming lipid may inchide a 
phospholipid, a glycolipid. a sphingolipid. or a sterol. The growflHinhibiting 
immunoliposome may also comprise a hydiophUic polymer. Prefeired hydiophilic 

polymens inchide polyefliylene glycol, polypropylene glycol, mono-sialoganglio^^ 
(GM,). phosphatidylinositol (PI) or cerebroside sulfate (CS)). Polyethylene glycol, 
when incorporated into the lipid will be incorporated as a polyethylene glycol 
derivatized lipid, preferably a polyethylene glycol derivatized phospholipid such 
as PEG-PE. The molecular weight of the polyethylene glycol may range from 
about 750 D to about 5000 D. more preferably from about 1200 D to about 3000 
D. and most preferably is about 1900 D. The Uposomes have an average diameter 
that ranges fix)m about 50 mn to about 500 mn. more preferably about 75 nm to 
about 300 mn and most preferably is about 100 mn. In one particularly preferred 
immunoliposome, die antibody Fab' domain is rhuMAbHER2. the Fab' domain is 
conjugated to M-PE. the vesicle forming lipid is phosphatidylcholine (PC) and 
cholesterol (Choi) and the polyethylene glycol derivatized lipid is polyetiiylene 
glycol derivatized phosphatidyletiianolamine (PEG-PE) where the polyetiiylene 
glycol component has a molecular weight of about 1900 D, and where tiie ratio 
PC:Chol:M-PE is 150:100:3 and ti« PEG-PE is present in an amount up to about 
3.6 mole percent of total lipid. 
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This invention also provides for a method of inhibiting growth of a 
cell bearing a characteristic marker, the method comprising contacting the cell with 
any of the growth-inhibiting liposomes smnmarized above. 

In yet another embodiment, this invention also provides for 
pharmaceutical compositions comprising any of the growth-inhibiting or 
therapeutic-agentcarryinghmnnnoliposomesdescribedabove. The pharmaceutical 
compositions comprise a therapeutically effective dose of the immunoliposome and 
a pharmaceutically acceptble carrier or excipient. 
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itpiy y nFigrRir n^N ™ DRAWINGS 
Figure 1 Ulustrates flow cytometric histograms showing bindmg of 
anti-pl85«^ immunoliposomes to SK-BR-S ceUs. Immunoliposomes bound to 
SK-BR-3 cells after washing were detected by FITC-labeled goat ami-human IgG. 
which recognizes rhuMAbHER2 Fab' fragments. SK-BR-3 ceUs were incubated 
15 with conventional immunoUposomes (A). stericaUy stabilized (6 mole%PEG.PE) 
hnmunoliposomes (B). and free ,huMAbHER2-Fab' fragments (C) at equivalent 

antibody concentrations (3.3 nzlnsi). 

Figure 2 shows the binding of anti-pl85»« conventional 
immunoUposomes to 87-474 cells. (A) BT^74 ceUs in monolayer culture were 
20 treated with convemional immunoliposomes in the presence of competing 
'"I-labeled rhuMabHER2 as described in Methods. (B) Scatchard transformation 

of tiie data shown in (A). ^ 

Figure 3 iUustrates the antiproliferative activity of anti-pl85 
inmmnoliposomes against SK-BR-3 cells. SK-BR-3 cells in monolayer culmre 
25 were treated with immunoliposomes at antibody doses indicated on ti^eabsc^sa. 

and relative cell proliferation determined as described in Metiiods. Comrol 
liposomes lacking antibody were dosed accordmg to liposome concentrauon. and 
are plotted at equivalent liposome concentration with tiie appropriately matched 
hmaunoliposome. Control (no antibody) convemional liposomes; control stencally 
30 stabilized (6 mole% PEG-PE) liposomes; conventional immunoliposomes; ami- 
pl85Hm sttrically stabilized (6 mole% PEG-PE) immmioUposomes; free 
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(non-liposomal) itaiMAbHER2-Fab-; and ftec rhuMAbHER2 bivalent antibody are 
shown as indicated in the key. 

Figure 4 shows the cytotoxicity of anti-pl85««» immunoliposomes 
containing doxorubicin. HSPC: Choi immunoliposomes were loaded with 
5 doxorubicin as described in Methods. (A) SK-BR-3 cells. (B) WI-BS cells. Cells 
in culture were treated for 1 hour witfi: conventional immunoliposomes (triangles)- 
sterically stabDized (2 mole% PEG-PE) immunoliposomes (closed circles); control 
(irrelevant antibody) sterically stabilized (2 mole% PEG-PE) immunoliposomes 
(open circles); or free doxorubicin alone (closed squares). Immunoliposomes 

10 <«ntained 60-70 MgamibodyWl phospholipid and 55-80 Mgdoxorubicin^^^^ 
phospholipid; antibody/doxorubicin ratio was 0.8-1.2. Cfells were counted 3 days 
after treatment as described in Mohods. 




m 

15 PefinitiQn.s and Genw^l Pffn»»yfrnT 

The following defmitions are set forth to illustrate and define the 
meaning and scope of the various terms used to describe the invention herein. 

The following abbreviations are used herein: DOX. doxorubicin; 
Choi, cholesterol; PA. phosphatidic acid; PC. phosphatidylcholine; PI. 
20 phosphatidylinositol; SM. sphinogmyelin; M-DPE. maleimide derivatized 
dipahnityolethanolamine; PBS. phosphate buffered saline; LUV. large miilamellar 
vesicles; MLV, multilamellar vesicles; PE. phosphatidylethanolamine; PEG. 
polyethylene glycol; PEG-PE. polyethylene glycol derivatized' 
phosphatidylethanolamine. 

The term "amphipathic vesicle-forming lipid" is intended to inchide 
any amphipathic lipid having hydrophobic and polar head group moieties, and 
which by itself can form spontaneously into bilayer vesicles in water, as 
exemplified by phospholipids, or (b) is stably incorporated into lipid bilayci^ i„ 
combination witi, phospholipids with its hydrophobic moiety in contact with the 

30 interior, hydrophobic region of the bilayer membrane, and its polar head group 
moiety oriented toward the exterior, polar surface of the membrane. An example 
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of v«ide-ft»mi»g «pid is *olcae«,. a- cho.»««.. dmvadvcs 
»ch as choteteiol solfaB and chol«tMol hemisuccmaK. 

AS med terdn. tem. ■st.cif": bmdi«g' «fen> » Uu. bmdmg 
«M, ccoHS b«w«. such pai»i spedcs as .„zyme/subs«ae. «cepu,r/agoms.. 
5 3^-b<^,/.«ig». a». .ecd«/caA0M™= *cb be covaleB or 

i-^cUo. or . «»nb«ion of cov.l«. n„.-v-- 
i^ns. WI«ntel«=«to of fl..~o specif produces a non^valeal, 

co^ptex. bidding wU* c«».. >yP^"y "'t^ 
,x,„d,»g. or U» ««h of lipopWUc »«encd™». AcconUugn,. -specie b»>dmg 
,0 «cc»,,b«w.en.p.i.e*sp.ci.swher.d»reista»,.c^ob«w.«J^- 
produces a bou.- cornp^ b-viug U» cbarac^ris^s of a. a^ibo^^^^ 
Ly^^-u^- bpartcuur.a«spcciflcbtading.c>.3,.c«r^ 
b, U,e billing of one member of a pair u, a particular species a»l to ~ o*« 

species wito «unily of coovouud. m »bich d» corresponding memb^^ 
\, :Zmemb.rbe,ongs.Tbus..Or.«mpic.anan*od,prefer,b,,^J» 

s^.pi»poand»«..-«epi»pe->'^'^'^'°'^'^- ^ 
7JT'^ moie,,-. as used bereiu. .Ur generaib^ » »« -"-^ 
c.^ab..o,speciflcaUybindi.,«..p.«ic«Ur«rge.mo,ccu.e.^foamng,^^ 

eou^tecasdescnbedabo^. fbusU>e.iga»laudi«co.respondmg«rge.mo^e 
J. specific bi^an, pair. Ex.mp.es i^tade. bu. are no. .im««. » an^ 
zu loim « . ^jjg solubilized 
lympboldnes. cytokines, receptor p««ems such as CD4 and . 
^ pr^eins such as soh^ie CD4, hormones, growth fac«.rs. ^ <^^ 

.^^nucieic acids through base pair comp.emen.ar..,. Pa«.cu.a^ 
25 pre.^».geUngn»icdesinchKlcan.Wtesanda«ibodyf«gmen«(.^^^^ 

Fab' domain). . , ^_ 

The Bnn •lmmm«..iposom=- refer, .o a .iposome beanng an 

,naboa,or,n*od,fr,gmcma«.acuasa.argeangmoic,,enabHng««Hp^^^ 

. bind «. a par^uiar -urge.- mo..cu,e d.. ma, cx.« m so^.^ or 

ma, be bound ».a.esurftce of. «...Whe«U» urge, molecule .one U..« 

Jca.., found in rc>a«ve excess (e.g., ^ IWoM) ^ in assocnt-on wth a 
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particular cell type or alternatively in a multiplicity of ceU types aU expressing a 
particular physiological condition the target molecule is said to be a "characterisUc 
marker" of that cell type or that physiological condition. Thus, for example, a 
cancer may be characterized by the overexpression of a particular marker such'as 
the HER2 (c-erbB-2Jneu) proto-oncogene in the case of breast cancer. 

A "hydrophUic polymer" as used herein refers to long chain highly 
hydrated flexible neutral polymers attached to lipid molecules. Examples include, 
but are not limited to polyethylene glycol-, or polypropylene glycol-modified lipids 
PI or CS. or ganglioside GM,. 

The term "mole percent" when referring to the percentage of 
hydrophilic polymer in a liposome is expressed relative to the total lipid in the 
liposome unless otherwise stated. Thus, for example, in a liposome comprising a 
ratio of phosphatidylcholine (PQ to cholesterol (Choi) of 150:100. a 4 mole 
percent of hydrophilic polymer (e.g. PEG) would represent a ratio of 
15 PC:Chol:PEG of about 150: 100: 10. 

The term "proliferation" refers to cell division or mitosis. 
Proliferation may be measured by standard assays such as by uptake of radioactive 
nucleotides (tiiymidine) or by direct observation. 



10 



20 Immunftlip^mes In ft pip nahrny 

In one embodiment, the present invention provides immunoUposomes 
for selective delivery of tiujrapeutic agents to specific tissues in a host and metiKxis 
of use for tiiose liposomes, llie liposomes of this invention employ a composition 
that optimizes internalization of the liposome into the cytoplasm of the cells of the 

25 target tissue. The phrase "optimizes internalization- or "optimal internalization " 
is used to refer to the delivery of liposome contents such tiiat it achieves maximmn 
delivery to the cytoplasm of the target ceU and therefore maximum therapeutic 
effect. It is recognized that internalization of an immunoliposome into the 
cytoplasm of a cell is a function of the blood half-life of the liposome, the abUity 

30 of the liposome to recognize and bmd to its target ceU, and the uptake of the 
liposome into the cytoplasm of the target cell. It is well known Uiat addition of a 
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hydrophilic polymer to liposomes increases sermn half-life by decreasing both 
liposome agglomeration (aggregation) and Uposome uptake by the RES. Without 
being bound to a theory, it is believed that hydrophilic polymers at high 
concentrations interfere with recognition and binding by the targeting moiety or 

5 ligand and with subsequent uptake by the target cell, thereby decreasing the 
intemalizationoftheliposomecontemsbythetargetcell. Optimal internalization 
into the cytoplasm of the ceU refers to that condition in which maximal uptake mto 
the cytoplasm of the target cell is achieved whUe stUl maintaining a blood half-life 
significantly greater than the blood half-life of liposomes lacking any hydrophilic 

10 polymer and adequate for targeting purposes. 

In particular, this invention relies, in part, on the unexpected 
discovery that a liposome comprising a hydrophilic polymer (.e.g., PEG-modified 
lipid) in an amount up to about 3.6 mole percent of total (vesicle-forming) hpid 
demonstrates an unexpected high rate of internalization into the cytoplasm of the 

15 target cell while letahring a blood half-Mesubstanti^^ 

liposomes lacking a hydrophUic polymer. 

In addition, it was also an unexpected discovery that when liposomes 
comprising up to3.6mole percent ofahydrophilic polymer were conjugated^ 

an FaV fragment of an antibody as a targeting moiety the liposome shows a hi^ 
20 degree of cellular specificity and a binding affinity greater than t^^ 

fragmentsalone. In fact, the binding specificity achieved by the immunoliposomes 
of the present invention is comparable to the binding specificity of the mtact 
antibody. This result is particularly surprising since the intaa antibody is a 
tetramer that comprises a pair of variable domain W that are large y 
25 responsible for antibody specificity and avidity. Fab' regions, consistmg ofonly 
one -arm- typically lack the specificity and binding avidity of the intact antibody. 
THUS they are typically expected to form poor targeting moieues. 

The immunoliposomes of this invention optimize dehvenr of 
therapeutic agents to the cytoplasm of the target cell by maintaining an elevated 
30 blood half-life, as compared to a liposome lacking a hydrophiUc polymer, by 
• n.intainingahighdegreeoftargetspecifidty.andbyeffectiveinte^^^^ 
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the liposome itself (canying therapeutic agent) thereby avoiding considerable loss 
of the therapeutic agent in solution or degradation of the therapeutic in the 
endosonuc/lysosomic pathway. The liposomes of the present invention ai^ thus 
particularly useful as vehicles for the delivery of fl«rapeutics to specific target 
5 cells. 

■faniunolipasomes m Cell Gmvi^h i»t.i».:tiriTf 

This inventionaiso provides forgrowth-inhibitingimmunoliposomes 
that may be utilized to inhibit tumor cell proliferation and thus provide an 

10 ^"i'^-Bor activity withom encapsulating a giowth-inhibitir^th^^ ^ 
fact, the growth-inhibitii^ immunoliposomes of the pn:sent mvemion are effective 
when they comain no therapeutic agent. The growth-inhibiting immunoliposomes 
of this mvention generally comprise an Fab' domain of an antibody that specifically 
»>''^»<>acellbearingacharacteristicmarker.andanamphipat^^ 
15 hpid. toparticular.theliposomemaybeconjugatedtotheFab-domainofanami- 
HER2 monoclonal amibody. In a preferred embodiment, the antibody is the Fab' 
fiagment of the hmnan monoclonal anti-HER2 antibody (rhuMAbHER2-Fab') 
Unlike free rhuMAbHer2-Fab' in solution, liposomal (membrane) anchoring of the 
monovalent Fab' fragment results in amiprolifeiative a«I antimmor activity 
20 comparable to bivalent rtaiMAbHER2. The antibody riiuMAbHER2-Fab' in 
solution does not have fliis property. Without being bomKl to a particular theory 
.t « believed tiutt membrane anchoring of tiuj Fab' ftagmem in Uie anti-HER2 
mmiunoliposome confers this antiproliferative property presumably by enabling 
cross-linking of pl85»^ the tumor cell surface. 
25 As indicated above, the growth-inhibiting immmioliposomes do not 

containagrowth-inhibitingagent. A -growfl^inhibiting agent" refers to a chemical 
agent that reduces the growtii rate of ceUs to which it is admmistered. In the 
extreme case a growtininhibiting agent may be cytotoxic to tiie cell to which it is 
adniinistered. As used herein the growth rate of cells refers to rate of 
30 proliferation of UieceUs. Increased proliferation rate is typically associated with 
mcreased metabolic rate and tims proliferation rates may be assayed by detecting 
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meabolic mes («.«. , by upuk. of a bbeW meoboUc p«c«rsor suob as ttitUttd 

toaicalmg an increased meobolic raus or vice versa. 

Growth-iiJnbitii* agems are well taown to those of stiU m the art 

5 .^rf iKtade. b«t are not Itarted «. tloxombicin. ricta A. gelotto. I. wBI be 
„eogntoi that sotn. co.np«itio.« (..«. . ««ibio<ics) may exhibit toinor gnwth 
irto-bitor, activiv as an incidental co.se<pence of their prin»», activity. S»ch 
e^rposidons «e no. considers, herein «. be growtb-inhibiting agents. The phrase 
a -lipMome confining oo g„n«h.idUbi.ing therapeutic agent" is inte^W to 

,0 capnne the that the inhibition of cea growth and prolif«a,ionob.ai«dw«h 

the growth-inhibiting in^nnnollposotnes of the present tovendon is a cons«,aence 
„, the UposonK^-ab- constr« itseU and is a cons«^nce of U» liposome 
contents, fhns. a growth inhibiting agent, as used herein refers to an agent thau 
whenpresentinthegrowd. inhibiting immtmoliposome. results inadecreasemceU 

,5 proliferation rat. a, least 10 p«ce« grater than the decrease in cell prolifer^ton 

^ observed by admtaistration of the same hnmmtoUposontes lacbng an, 

a^rapeotic or growth inWbWng agent. 

While the growth-inhibiting liposomes of lUs invention will inhital 
ecu growd. »«> proliferaUon even when dtey can, no ther.pa.ic .g«u •»! 
20 U,ereforema,b.»tau*ter.d-emp.,%««ofslciUwi«a;^--.*-^^^ 
aesirable to encapsulate a d>erap».tic .gem other dtan a growth-mhtbrnng 
U«.p.utic agem U«.b, achieving a liposonte du. shows dual. or 
^dve activMes. Thus, for e«mple. an inummoliposome loaded w,d.jm 
.ntibiotic win show bod. ^nibiotic acdvit, as well as the abUit, ,0 inhibtt gn,wU, 
25 Midproli«aation of the target cells. 

The growdi-lnhibidng Hposomes and die d«tapeulic agem-carr,»« 
i^lip^omes of d« presem hwendon ma, be »tili«d to inhibit mmor cell 
prolif^on or to target d«mpe»dcs to specific cells in a wide var«ty of t^. 
Preferred hosts tactade mammalian species such «. humans, non-huntan pnmates, 
30 dogs. cats, omle horses, sheep, rodents, largomorphs«»ld.e Idee. 
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Linosomg Compositlni^ 

In general, the immunoliposomes of the present invention comprise 
one or more vesicle-fonning lipids, an Fab' domain of an antibody which acts as 
a targeting moiety and. especially in the case of the therapeutic agent delivering 
immunoliposomes. a hydiophilic polymer. Without being bound to a particular 
theory the vesicle-foiming lipids act to form a bihyer which encapsulates the 
therapeutic agem when it is present, the hydrophilic polymer serves to prevent 
agglomeration of the liposomes and also to decrease uptake of the liposome by the 
RES and thereby increase blood halWife. and the ligand serves to specificaUy bmd 
the liposomes to a ceU or tissue bearing a target (i. e. , a characteristic marker) for 
which die ligand is specific. The low mole percentage of the hydiophUic polymer 
coupled witfi tiuj use of tiie Fab' antibody fragment allows specific targeting of tiie 
liposome and unexpectedly results in a high level of internalization of the entire 
liposome into the cytcq)]asm of the target cell. 



VeridivP oiininp Kp jd^ 

The vesicle-forming lipid is preferably one having two hydrocarbon 
chains. typicaUy acyl chains and a polar head group. Included in this class are the 
phospholipids, such as phosphatidylcholine (PC), phosphatidyletianolamine (PE). 
20 phosphatidic acid (PA), phosphatidylinositol (PI) and sphingomyelin (SM). where 
Uie two hydrocarbon chains are typically between about 14-22 carbon atoms in 
lengtii and have varying degrees of unsaturation or 14-18 carbon chain saturated 
phospholipids. Also mcluded in fliis class are the glycolipids such as cerebrosides 
and gangliosides. 

In a preferred embodiment, die major lipid component in the 
liposomes is phosphatidylcholine. Phosphatidylcholines having a variety of acyl 
chain groups of varying chain length and degree of saturation are available or may 
be isolated or synthesized by well-known techniques. In general. less saturated 
phosphatidylcholines are more easUy sized, particularly when the liposomes must 
30 be sized below about 0.3 microns, for purposes of filter sterilization. 
Phosphatidylcholines containing saturated fatty acids witii carbon chain lengtiis in 
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the nuige of C„ to C« aie prefened. Phosphatidylcholines with mono or 
diunsaturated fatty acids and mixtures of saturated and unsamrated fatty acids may 
also be used. Uposomes useful in the present invention may also be composed of 
sphingomyelin or phosphoUpids with head groups other than choline, such as 

1 ethanolamine, serine, glycerol and inositol. In particular, phospholipids suitable 
for formation of liposomes useful in the methods and compositions of the present 
invention inctade. e.g.. phosphatidylcholine, phosphatidylglycerol. lecithin. ^.7- 
dipahnitoyl-a-lechhin, sphingomyelin, phosphatidylserine. phosphatidic acid. N- 
(2 3^1i(9-(ZH)^decenyloxy)>prop-l-yl-N.N.N.trimethylammonmm chloride. 

a phosphatidylethanolamine. lysolecithin. lysophosphatidylethanolamine. 
phosphatidylinositol. cephalin. cardiolipin. cerebrosides. dicetylphosphaie. 
dioleoylphosphatidylcholine. dipalmitoylphosphatidylcholine. 
dipahnitoylphosphatidylglycerol. dioleoylphosphatidylglycerol. palmitoyl-oleoyl- 
phosphatidylcholine. di-stearoyl-phosphatidylcholine. stearoyl-palmitoyl- 

5 phosphatidylcholine. dii,ahnitoy!-phosphatidylethanolamine. di-stearoyl- 
phosphatidylethanolamine, di-myristoyl-phosphatidylserine. di-oleyl- 
phosphatidylcholine, and the like. Non-phosphorus comaining lipids may also be 
usedintheliposomesofthecompositionsofthepresentinvention. Thesemclude. 
eg stearyhmune.docecylamine.acetylpahnitate.fattyacidamides.andthel^^ 

20 Additional lipids suitable for use in the liposomes of the present invention are well 
known to persons of skill in the art and are cited in a variety of weU known 

sources, e.g., McCutcheon's Detergents and EnmUifiers and McQacheon's 
Functional Materials, Allured Publishing Co.. Ridgewood. N.J.. both of which are 
incorporated herein by reference. Prefened liposomes will inchule a sterol. 
25 preferably cholesterol, at molar ratios of from 0.1 to 1.0 
(cholesterohphospholipid). Most prefened liposome compositions are 
phosphatidylcholine/cholesterol. distearoylphosphatidylcholine/cholesterol. 
dipahnitoylphosphatidylcholine/cholesterol. andsphingomyelm^^^^ Small 
amounts iie. < 10%) of other derivatized lipids are often presem in Uposomes 
30 having these compositions. 
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According to one important feature of the invention, the vesicle- 
forming lipid may be a relatively fluid lipid, typically meaning that the lipid phase 
has a relatively low liquid to liquid-crystalline melting temperanire. e.g., at or 
below room temperature, or a relatively rigid lipid, meaning that the lipid has a 
relatively high melting temperature, e.g., up to 60 'C. As a rule, die more rigid. 
U., saturated lipids, contribute to membrane rigidity in a lipid bUayer structure 
and also contribute to greater bUayer stability m blood. Other lipid components, 
such as cholesterol, are also known to contribute to membrane rigidity and stabilitj 
in lipid bilayer strucnires. As mentioned above, a long chain (e.g. C„-C^ 
saturated lipid phis cholesterol is one preferred composition for delivering 
tiJerapeutic compositions to target tissues, such as solid tumors, since tiiese 
liposomes do not tend to release the drugs into the plasma as tiiey circulate tiirough 
Uie blood stream. Phospholipids whose acyl chains have a variety of degrees of 
saturation can be obtained commercially. For example, egg phosphatidylcholme 
15 (EPC) can be purchased from Avanti Polar Lipids (Alabaster, AL) and 
hydrogenated soy phosphatidylcholine (HSPQ can be obtained from Natterman 
(Cologne. FRG). Alternatively, phospholipids can be prepared according to 
published mediods. (see D.M. Small, "TTie physical chemistry of lipids" (1986) 
Plenum Press, N.Y., or D.D. Lasic, "Liposomes: from physics to applications" 
20 (1993) Elsevier, Amstenlam; N.Y. 



B> Hvdrftphnir pft^yr, 

As noted above fbs presence of hydrophilic polymers tends to 
increase tiie blood half-life of a liposome. (See, for example. Woodle. et al. 
Biochim. Biophys. Acta., 1113: 171-199(1992).) Thus, it is often desirable to add 
a hydrophUic polymer such as polyethylene glycol (PEG)-modified lipids or 
ganglioside G„, to tiie liposomes. Addition of such components prevents liposome 
aggregation during coupling of die targeting moiety to the Uposome. These 
components also provides a means for increasing circulation lifetime of die 
phospholipid. However, it has been observed diat while hydrophilic polymers 
decrease liposome uptake by die RES and diereby increase blood half-life, diere 
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is a corresponding decrease in uptake by target tissues as well. It was an 
unexpected discovery of the present invention that a concentration of hydrophUic 
polymer {e.g., PEG) of 1 to 4 mole percent of vesicle-forming lipid (excluding 
cholesterol) provides optimal cellular uptake combined with adequate blood half- 
5 life. 

A number of different metiiods may be used for the preparation of 
PEG for incorporation into liposomes. In a preferred embodiment. PEG is 
incorporated as PEG derivatized phosphatidyleflianolamine (PEG-PE) or PEG 
derivatized distearoyl phosphatidylethanolamine (PEG-DSPE). Methods of 

10 preparing PEG-PE are well known and typically involve using an activated 
metiioxy PEG (with only one reactive end) and PE. THus PEG-succinimidyl 
succinate may be reacted in a basic organic solvent (KUbanov et al., FEBS Utt., 
268: 235-237 (1990)). A particularly preferred method of PEG-PE preparation is 
based on reaction of the PEG witii caibonyldiimidazole followed by addition of PE 

15 isee, Woodle et al. Proc. Jniem. Sywp. Control. Rel. Bioact. Mater. , 17: 77-78 

(1990) Papahadjopoulos et al.. Proc. Natl. Acad. Sci. USA. 88: 11460-11464 

(1991) Allen etal.. Biochim. Biophys. Acta. . 1066: 29-36 (1991). Woodle era/.. 
Biochim. Biophys. Acta.m, 1105: 193-200 (1992). and Woodle et ai. Period. 
Biol. . 93: 349-352 (1991)). Similarly, cyanuric chloride activated PEG in a basic 

20 orgamcsolventisdescribedbyBtameefo/. Biochim. Biophys. Aaa. . 1019: 91-91 
(1990) and U.S. Patent No. 5.213.804 which is herein incorporated by reference. 
A completely different approach is based on coupling the PEG with preformed 
liposomes utilizing tresyl chloride activated PEG which is then added to liposomes 
containing PE at high pH (Senior et al. Biochim. Biophys. Acta.. 1-62: 77-82 
91991) Derivatized PEG is also commercially avaUable. THus. for example. 
PEG-PE is available from Avanti Polar lipids (Alabaster. Alabama) or Liposome 
Technology (Menlo Park. California. USA). One of skill in ti»e art wiU recogmze 
tiiat many otiier Unkages are available. 



25 
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O Fab* A ntibody Frag niyi^i 

In a preferred embodiment, the liposomes of the present invention 
are conjugated to the Fab' region of an antibody which acts as a targeting moiety 
enabling the liposome to specifically bind a target ceU bearing the target molecule 

5 characteristic marker) to which the Fab* antibody fragment is directed. In 

general terms, die Fab' region of an antibody represents a monomer comprising 
the variable regions and tiie C„l region of one arm of an antibody. 

An "antibody" refers to a protein consisting of one or more 
polypeptides substantially encoded by immunoglobulin genes or fragments of 

10 immunoglobulin genes. The recognized hnmunoglobulin genes inchide the kappa, 
lambda, alpha, gamma, delta, epsilon and mu constant region genes, as well as die 
myriad immunoglobulm variable region genes. Light chains are classified as either 
kappa or lambda. Heavy chains are classified as gamma, mu. alpha, delta, or 
epsilon, which in dim define die immunoglobulm classes. IgG. IgM, IgA. IgD and 

15 IgE. respectively. 

The basic immunoglobulin (antibody) structural unit is known to 
comprise a tetramer. Each tetramer is composed of two identical pairs of 
polypeptide chams. each pair having one "tight" (about 25 kD) and one "heavy- 
chain (about 50-70 kD). Tbs N-terminus of each chain defines a variable region 

20 of about 100 to 110 or more ammo acids primarily responsible for antigen 
recognition. The terms variable light chain (VJ and variable heavy chain (V„) 
refer to diese light and heavy chains fe^)ectively. 

Antibodies may exist as intact immunoglobulins or as a number of 
well characterized fragments produced by digestion widi various peptidases. In 

25 particular, pepsin digests an antibody below die disulfide linkages in die hinge 
region to produce F(ab)'j. a dimer of Fab which itself is a tight chain joined to V„- 
C„l by a disulfide bond. The F(ab)', may be reduced under mild conditions to 
break die disulfide linkage in die hinge region diereby converting die F(ab)'i dimer 
into an Fab' monomer. The Fab' monomer is essentially an Fab widi part of die 

30 hinge region (see. Fundamental Immunology, W.E. Paul. ed.. Raven Press, N.Y. 
(1993) for more antibody fragmem terminology). While die Fab' domain is 
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defined in tenns of the digestion of an intact antibody, one of skiU will appreciate 
that such Fab' fragments may be synthesized de novo either chemically or by 
utilizing recombinant DNA methodology. 

The Fab- regions used in the present invention may be derived from 
5 antibodies of ammal (especially mouse or rat) or human origin or may be chimeric 
(Morrison et al.. Proc Natl. Acad. ScL USA 81. 6851-6855 (1984) both 
incorporated by reference herein) or humanized (Jones et al. . Nature 321. 522-525 
(1986). and published UK patent application No. 8707252. both incorporated by 
reference herein). 

10 The Fab- region is selected to specificaUy bind to a molecule or 

marker characteristic of the surface of the cells to which it is desired to deliver the 
contents of the liposome. A molecule is characteristic of cell, tissue, or 
physiological state when that molecule is typically found in association with that 
cell type or alternatively in a multiplicity of cell types all expressing a particular 

15 physiological condition (..«.. transformation). A specific characteristic marker is 
preferably found on the surfaces of ceUs of a particular tissue or cell type or on the 
surfaces of tissues or cells expressing a particular physiological condition and on 
no other tissue or cell type in the organism. One of skill wUl recognize however, 
that such a level of specificity of the marker is often not required. For example 

20 a characteristic cell surface marker will show sufficient tissue specificity if tiie only 
non-target tissues are not accessible to ti«: liposome. Alternatively, effective 
specificity may be achieved by overexpression of tiiemaricer in the target tissue as 

compared to other tissues. THis wUl result in preferential uptake by the target 
tissue leading to effective tissue specificity. Tlius for example, many cancers are 
25 characterized by the overexpression of cell surface maricers such as tiieHER2(c- 

erbB.2, neu) proto-oncogene encoded receptor in die case of breast cancer. 

One of skill will recognize that there are mimerous cell surface 
markers that provide good characteristic markers for liposomes depending on tiie 
particular tissue it is desired to target. Tb^ cell surface markers inctade. but are 
30 not limited to cartK,hydrates. proteins, glycoproteins. MHC complexes, and 
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receptor proteins such as HER. CD4 and CD8 leceptor proteins as weU as other 
growth factor receptor proteins. 

Growth factor receptors are particularly preferred characteristic cell 
surface markers. Growth factor receptors are cell surface receptors that 
5 specifically bind growth factors and thereby mediate a ceUular response 
characteristic of the particular growth fector. The term "growth factor", as used 
herein, refers to a protein or polypeptide ligand diat activates or stimulates cell 
division or differentiation or stimulates biological response like motility or 
secretion of protems. Growth factors are well known to those of skill in the art 
10 and include, but are not limited to. platelet-derived growth factor (PDGF). 
epidermal growth factor (EOF), insulin-like growth factor QGF). transforming 
growth factor fl (TGF-B). fibroblast growth factors (FGF). interleukin 2 (IL2). 
nerve growth fector (NGF). interleukin 3 (IL3). interleukin 4 (IL4). interleukin 1 
(ILl). interleukin 6 (IL6). mterleukin 7 (ILT), granulocyte/macrophage colony- 
.15 stimulating factor (GM-CSF). granulocyte colony-stimulating factor (G-CSF). 
nmrophage colony-stimulating fiu:tor(M-CSF).eiythropoietinan^ Oni 
of skill in the art recognizes that the term growth factor as used herein generally 
inchides cytokines and coloiqr stimulating factors. 

Particularly preferred markers are found in the HER family of 
20 growth factor receptors. More specificaUy HERl, HER2. HER3 and HER4 are 
more preferred with HER2 most preferred. The HER receptors comprise protem 
tyrosine kinases diat themselves provide highly qiecific andbody targets. TTnis, in 
one embodiment, die P185 tyrosine kinase of HER2 provides a most preferred 
target for the Fab' antibody domain of the utilized in die immunoUposomes of the 
25 present invention. 

It wUl be appreciated that die characteristic marker need not be a 
naturally occurring marker, but rather may be introduced to the particular target 
ceU. Hiis may be accomplished by directiy tagging a ceU or tissue with a 
particular marker (e.g., by directiy injecting die particular target tissue widi a 

30 inarker, or alternatively, by administering to die entire organism a marker fliat is 
selectively incorporated by die target tissue. In one embodiment, die marker may 
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be a gene product that is encoded by a nucleic acid in an expression cassette. The 
marker gene may be under the control of a promoter that is active only in the 
particular target cells. TTius introduction of a vector containing the expression 
cassette will result in expression of the marker in only the particular target cells. 
5 One of skiU in the art wUl recognize that there are numerous approaches utilizm^ 

recombinant DNA methodology to introduce characteristic markers into target 
cells. 

In one preferred embodiment, the targeting moiety will specifically 
bind products or components of a growth factor receptor, in particular products of 
10 ti« HER2 (c-«/*B.2. n^u) proto^ncogene. It is particularly preferred that ti,e 
targeting moiety bind tiie growth factor receptor-tyrosine kinase encoded by HER2. 
protein plSS*^. which is commonly oveiexpressed in breast cancers (Slamon et 
al Science. 235: 177-182 (1987). Other suitable targets for flie targeting moiety 
include, but'are not limited to EGFR (HERl). HER3. and HER4. combinations of 
15 tiiese receptors, and other markers associated with cancers. Oti«r antibodies of 
interest include, but are not limited to BR96 (Friedman et al.. Cancer Res. . 53: 
334-339 (1993). e23 to erbB2 (Batra fl/. Proc. Natl. Acad. Sci. USA, 89: 5867- 
5871 (1992)). PRl in prostate cancer (Brinkmami et al., Proc. Natl. Acad. Sci. 
USA.. 90: 547-551 (1993)). and Kl in ovarian cancer (Chang Int. J. Cancer, 

20 50: 373-381 (1992). 

Iniraunoliposomes of the present invention may be prepared by 

incorporating the Fab' antibody domain moieties into die liposomes by a variety 
of techniques well known to tiiose of skill in die art. For example, a biotm 
conjugated FaV may be bound to a liposome containing a strepuvidm. 
25 Alternatively, die biotinylated Fab' may be conjugated to a biotin derivatized 
liposome by an avidin or streptavidin linker. THus. for example, a biotinylated 
monoclonal antibody was biotinylated and attached to liposomes contammg 
biotinylated phosphatidyletiumolamme by means of an avidin linker. (See, for 
example. Ahmad et al.. Cancer Res., 52: 4817^820 (1992) which is herein 
30 incorporated by reference). Typically about 30 to 125 and more typically about 
50 to 100 Fab' molecules per liposome are used. 
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In a preferred embodiment, the targeting moiety may be directly 
conjugated to the liposome. Such means of direct conjugation are well known to 
those of skill in the art. See for example. G. Gregoriadis. (1984) "Liposome 
Technology" CRC Press. Boca Raton. Horida and D.D. Lasic. "Liposomes: from 
5 physics to applications- (1993) Elsevier. Amsterdam; N. Y. Particularly preferred 
is conjugation through a thioether linkage. This may be accomplished by reacting 
the antibody with a maleimide derivatized lipid such as maleimide derivatized 
phosphatidylethanolamine (M-PE) or dipahnitoylethanolamine (M-DEP). This 
approach is described in detail by Martin et al. J. Biol. Chem., 257: 286-288 
10 (1982) which is incorporated herein by refereiKe. 

Preparation iff Linosom^ 

A variety of methods are available for preparing liposomes as 
described in, e.g., Szoka etal.,Am. Rev. Biophys. Bioeng. 9:467 (1980). U.S. 

.15 Pat. Nos. 4.186.183. 4.217.344. 4.235.871. 4.261.975. 4.485.054. 4.501.728. 
4.774.085. 4.837,028. 4.946.787. PCT Publication No. WO 91/17424. Szoka & 
Papahadjopoulos. Proc. Natl. Acad. Sci. USA, 75: 4194^198 (1978). Deamer and 
Bangham. Biochim. Biophys. Acta, 443: 629-634(1976); Fraley. Proc. Natl. 
Acad. Sci. USA, 76: 3348-3352 (1979); Hope. etal. . Biochim. Biophys. Acta, 812: 

20 55-65 (1985); Mayer, et al., Biochim. Biophys. Acta, 858: 161-168 (1986); 
WiUiams, et al., Proc. Natl. Acad. Sci., 85: 242-246 (1988). the text Uposomes, 
Marc J.Ostro. ed.. Marcel Dekker, Inc., New York. 1983. Chapter 1. and Hope. 
et al., Chem. Phys. Up. 40: 89 (1986). all of which are incorporated herein by 
reference. Suitable metiiods inchide. e.g., sonication. extrusion, high 

25 pressure/homogenization. microfluidization. detergent dialysis, calcium-induced 
fusion of small liposome vesicles, and ether-infiision methods. aU well known in 
the art. One method produces multilamellar vesicles of heterogeneous sizes. In 
this method, the vesicle-forming lipids are dissolved in a suitable organic solvent 
or solvent system and dried under vacuum or an inert gas to form a thin Upid fdm. 

30 If desired, the fihn may be redissolved in a suitable solvent, such as tertiary 
butanol. and then lyophilized to form a more homogeneous lipid mixture which is 
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in a more easily hydrated powder-like form. This film is covered with an aqueous 
buffered solution and allowed to hydrate, typically over a 15-60 minute period with 
agitation, live size distribution of the resulting multUameUar vesicles can be 
shifted toward smaller sizes by hydrating the lipids under more vigorous agitation 
5 conditions or by adding sohibUizing detergents such as deoxycholate. 

In a preferred embodiment, multilamellar liposomes are produced 
bythe reverse phase evaporationmethodofSzoka&Papahadjopoulos. Proc. Natl. 

Acad. Sci. USA, 75: 4194-»198 (1978). 

Unilamellar vesicles are generally prepared by sonication or 
10 extrusion. Sonicationisgenerallyperformedwithatipsonifier.suchasaBr^^ 
tip sonifier. in an ice bath. Typically, the suspension is subjected to several 
sonication cycles. Extrusion may be carried out by biomembrane extruders, such 
as the Upex Biomembrane Extruder. Defined pore size in the extrusion filters 
may generate unilamellar liposomal vesicles of specific sizes. The liposomes may 
15 also be formed by extrusion through an asymmetric ceramic filter, such as a 

Ceraflow Microfilter. commercially available from the Norton Company. 

Worcester MA. 

FoUowing liposome preparation, die liposomes which have not been 
sized during formation may be sized to achieve a desired size range and relatively 
20 narrow distribution of liposome sizes. A size range of about 0.2^.4 microns 
allows tite liposome suspension to be sterilized by filtration duough a convemtonal 
filter, typically a 0.22 micron filter. Hie filter sterilization method can be earned 
out on a high tiuough-put basis if the liposomes have been sized down to about 
0.2-0.4 microns. 

25 Several techniques are available for sizing liposomes to a desired 

size One sizing method is described in U.S. Pat. Nos. 4,529.561 or 4.737.323. 
incorporated herein by reference. Sonicating a liposome suspension either by bath 
or probe sonication produces a progressive size reduction down to small 
unilameUar vesicles less than about 0.05 microns in size. Homogenization is 

30 another method which relies on shearing energy to fragment large liposomes mto 
smaller ones. In a typical homogenization procedure, multilamellar vesicles are 
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recirculated through a standard emulsionhomogenizer until selected liposome sizes. 
typicaUy between about 0.1 and 0.5 microns, are observed. Hie size of thi 
liposomal vesicles may be determined by quasi-electric light scattering (QELS) as 
described in Bloomfield, Ann. Rev. Biophys. Bioeng., 10: 421-450 (1981). 
5 incorporated herein by reference. Average liposome diametermay be reduced by 
sonication of formed liposomes. Intermittent sonication cycles may be alternated 
with QELS assessment to guide efficient Uposome synthesis. 

Extrusion of liposome through a smaU-pore polycarbonate membrane 
or an asymmetric ceramic membrane is also an effective method for reducing 
10 liposome sizes to a rehtively well-defined size distribution. 1>pically. the 
suspension is cycled through the membrane one or more times until the desired 
liposome size distribution is achieved. The liposomes may be extnided through 
successively smaller-pore membranes, to achieve a gradual reduction in Uposome 
size. For use in the present invention, liposomes having a size of about 0.05 
15 microns to about 0.15 microns. More preferred are liposomes having a size of 
about 0.05 to 0.5 microns. 
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ImmunoliDnsome nnntMit^ 

The tiierapeutic agent which may be used is any compound including 
tiie ones listed below which can be stably entrapped in liposomes at a suitable 
loading factor and administered at a tiierapeutically effective doses (mdicated below 
in paremheses after each compound. m» refers to body surfiice area). These 
include amphipafliic antitumor compounds such as the plant alkaloids vincristine 
(1.4 mg/m^. vinblastine (4-18 mg/m^ and etoposide (35-100 mg/m^. and the 
antiiracycline antibiotics inchiding doxorubicin (60-75 mg/m^). epirubicin (60-120 
mg/m^ and daunorubicin (25-45 mg/m'). The water-soluble anti-metabolites such 
as methotrexate (3 mg/m^. cytosine arabinoside (100 mg/m*) and fluorouracil (10- 
15 mg/kg). die antibiotics such as bleomycin (10-20 units/m^ mitomycin (20 

mg/m^, plicamycin (25-30 Mg/m^) and dactinomycin(15Mg/m^). and the alkylating 
agents inchiding cyclophosphamides and derivatives tiiereof (3-25 mgA:g), tiiiotepa 
(0.3-0.4 mg/kg) and BCNU (150-200) mg/m^) are also useful in this' context. 
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Other suitable drugs include aclacinomycin, idarubicin, mitoxantrone, cisplatin and 
other Platinum D analogs. Tlie liposomes may also contain the taxanes including 
taxol, taxotere. dihydroxytaxanes, camptothecines and other taxane derivatives and 
isolates. In addition, the liposomes may contain encapsulated tumor-therapeuuc 
5 peptides (e.g.. plant or bacterially derived toxins) and protein drugs such as IL-2 
and/or TNF. and/or immunomodulaton. such as M-CSF. which are present alone 
or in combination with anU-tumor drugs, such as anthracycline antibiotic drugs. 
The immunoliposomes may contain fluorinaied pyramidine and purine bases or 
nucleosides. The immunoliposomes may also contain micleic acids such as 
10 oligomicleotides containing natural or modified bases and having a phosp^^ 
imemucleotide linkage or modified intemucleotide linkages such as a 
phosphorothioate or polyamide linkages. One of skiU will recognize that nucleic 
acids may be used as antisense or triplex-forming molecules to block transcripuon 
andtranslationthroughbindingofDNAorRNA. Alternatively, the nucleic acids 
15 may be used to transform cells and to induce the expression of heterologous 

proteins. In this latter context, die nucleic acid will comprise an expression 
cassette which includes the nucleic acid sequence encoding the protein to be 
expressed under the control of a promoter. 

UK methods of loading conventional drugs into liposomes are well 
known to those of skUl in the art. The most common methods include an 
encapsulation technique and die transmembrane potential loading method. In die 

encapsulation technique. d« drug is placed into die buffer from which the 
25 liposomesaremade.TlielattermetiiodhasbeendescribedindetaUinU.S.Patent 

No. 4.885,172. U.S. Patent No. 5.059.421. and U.S. Patent No. 5.171,578. the 
contents of which are incorporated herein by reference. 

Briefiy. die transmembrane potential loading metiiod can be used 
widi essentially any conventional drug which can exist in a charged state when 
30 dissolved in an appropriate aqueous medmm. Preferably, die drug wiU be 
relatively lipophUic so diat it wUl partition into die liposome membranes. A 



wo 96/14864 



PCmJS95/14710 



26 



10 



transmembrane potential is created across the bilayers of the liposomes or targeting 
moiety liposome conjugates and the drug is loaded into the liposome by means of 
the transmembrane potential. ITie transmembrane potential is generated by 
creating a concentration gradient for one or more charged species {e.g., Na*. K* 
and/or H*) across the membranes. Hiis concentration gradiem is generated by 
producmg liposomes or targeting moiety liposome conjugates having different 
internal and external media. Thus, for a drug which is positively charged when 
ionized, a transmembrane potential is created across the membranes which has an 
inside potential which is negative relative to the outside potential, while for a drug 
which is negatively charged, the opposite orientation is used. 



Assavinp Rl<^ "°'"'ft, 

One of the requirements for liposome localization in a target tissue 
is an extended hnmunoliposome lifetime in the bloodstream following 
15 administration. One measure of immunoliposomeUfetime in the bloodstream is the 
blood^ES ratio determined at a selected time after liposome administration. 
Typically hnmunoliposomes containing a label {e.g. fluorescent marker, electron 
dense reagent, or radioactive marker), either internal in the liposome or bound to 
a lipid comprising Uie liposome, are mjected into die test organism. A fixed period 
20 of time later, tiie organism is sacrificed and the amount of hibel detected in die 
blood {e.g. by measuring hnninescence, or scintiUation counting) is compared to 
tiiat localized in particular tissues {e.g. liver or spleen). 

The time course of retention of immunoliposomes in die blood may 
also simply be determined by sampling blood at fixed intervals after administration 

25 oflabelH»ntainingliposomesanddeterminingdieamountoflabelremainingindie 
circulation. The result may be expressed as the fraction of flie original dose. 

^gsaying Uptake Into fhp CvtOllla^ nf Tftr pet Crik anH IMormininp Ticy .., 

30 Upland internalization of immunoliposomes into die cytoplasm 

of target cells may sfanUarly be determined by administering immunoliposomes 
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containing a label {e.g. fluorescent marker, electron dense reagent, or radioactive 
marker) and subsequenUy detecting the presence or absence of that label in the 
cytoplasm of the target cell. For example an immunoliposome containing a 
fluorescent marker, such as rhodamine conjugated to the lipid constituting the 

5 liposome itself, may be administered to the organism or simply to cells in culture. 
The tissues or ceUs may then be fixed and the fhioresccnce detected using 
fluorescence microscopy. Similarly, an electron-dense label (e.g. gold) may be 
used and detected using electron microscopy. One of skill in the art will recognize 
that many labels are suitable and the method of detection wUl reflect die choice of 

10 label. 

fnr AnrinroHfer pt*^" Artivitv of ImmunoBpQSQmffi 

The present invention provides for growtii-inhibiting 
immunoliposomes that essentially comprise an empty immunoliposome having an 

15 Fab' targeting moiety directed to a ceU surface receptor. Particularly preferred are 
growtii factor receptors. Identification of Fab* immunoliposomes tiiat are 
particularly effective inhibitors of ceU proliferation may be accomplished witfi 
routine screening. This involves providing a cell culture where tiie cells bear a 
growth factor receptor, or otiier characteristic ceU surface marker, to which tiie 

20 Fab- fragmem is directed, contacting tiie cells in tiie culture witii ibs 
immunoliposome to be tested, and measuring the resulting change in cell 
proliferation rate. Means of measuring ceU proliferation rate are well known to 

those of skill in the art. 

In one approach, for example, proliferation rate may be assessed 

25 directiy by measuring tiie change in actual munbers of cells over a fixed period of 
time, nius, as Uhistrated in Example 3. tumor cells such as SK-BR-3 or BT^74 
cells were grown in monolayer culture and then incubated at 37»C witii varying 
concentrations of immunoliposomes based on amibody content. After continuous 
treatment for 4 days, cell monolayers were washed with PBS and stained witii 

30 crystal violet dye (0.5% in metiianol) for determination of relative proliferation as 
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previously described (Hudziak, a al.. Mol. Cell Biol. 9: 1165-1172 (1989) which 
is incorporated herein by reference). 

Alternatively, it is weU known that increases in cell proliferation rate 
arc typically accompanied by increases in metabolic rate. Thus proliferation may 
be evahiated indirectly by measuring changes in metabolic rate of cells exposed to 
the immunoliposome to be tested. Numerous means of measuring metabolic rate 
are well known to those of skiU in the an. On particularly preferred approach is 
to measure the rate of iq)take of a labeled metabolic precursor such as tritiated 
thymidine. Briefly this is accomplished by administering the pH)-thymidine to a 
test culture containing the immunoliposome and to a control culture lacking the 
immunoliposome. After a fixed period of time, cells are coUected and the amount 
of ['H]-thyniidine taken up by the cells is measured utilizing standard techniques 
{e.g., scintillation counting). Comparison of tiie test and control cells indicates 
changes in metabolic activity and therefore proliferation rate. 



20 



Pharmaceuripal O ^nnositimis 

Pharmaceutical compositions comprising die immunoliposomes of 
the invention are prepared according to standard techniques and further comprise 
a phannaceuticaUy acceptable carrier. Generally, normal saline wiU be employed 
as the pharmaceuticaUy acceptable carrier. Other suitable carriers include, e.g., 
water, buffered water. 0.4% saline. 0.3% glycme. and die like, inchiding 
glycoproteins for enhanced stability, such as albumin, lipoprotein. globuUn. etc. 
These compositions may be sterilized by conventional, well known sterilization 
techniques. The resultiiig aqueous solutions may be packaged for use or filtered 
under aseptic conditions and lyophilized. die lyophilized preparation being 
combined widi a sterile aqueous solution prior to administration. The compositions 
may contain pharmaceutically acceptable auxiliary substances as required to 
approximate physiological conditions, such as pH adjusting and buffering agents, 
tonicity adjusting agents and die like, for example, sodium acetate, sodium lactate. 
30 sodium chloride, potassium chloride, calcium chloride, etc. Additionally, die 
liposome suspension may include lipid-protective agents which protect lipids 
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against free-radical and lipid-peroxidative damages on storage. LipophUic free- 
radical quenchers, such as alphatocopherol and water-soluble iion-specific 
chelators, such as ferrioxamine, are suitable. 

The concentration of immunoliposomes, in the pharmaceutical 
5 formulations can vary widely, i.e., from less than about 0.05%. usually at or at 
least about 2-5% to as much as 10 to 30% by weight and wUl be selected primarily 
by fluid volumes, viscosities, etc., in accordance with the particular mode of 
administration selected. For xample. the concentration may be increased to lower 
the fhiid load associated with treatment. Tlus may be particularly desirable in 
10 patients having atherosclerosis-associated congestive heart faihire or severe 
hypertension. Alternatively, nnmunoliposomes composed of irritating lipids may 
be dihited to low concentrations to lessen inflammation at the site of 
administration. TTie amount of immunoUposome admmistered wiU depend upon 
the particular Fab' used, the disease state being treated, the therapeutic agent being 
15 delivered, and the judgement of the clinician. Generally the amount of 
immunoliposomes administered will be sufficient to deliver a therapeutically 
effective dose of the particular pharmacological agent. The quantity of 
immunoliposomes necessary to deliver a therapeutically effective dose can be 
determinedbyuptakeassaysasdescribedabove. Therapeutically effective dosages 
for various pharmacological agents are weU known to those of skill m tiu: art and 
representative ranges are given for a number of pharmaceuticals above. Typical 
immunoliposome dosages wUl generally be between about 0.01 and about 50 mg 
per kilogram of body weight, preferably between about 0.1 and about 10 mgA:g 
of body weight. 

Preferably, the pharmaceutical compositions are administered 
parenterally, i.e. , intraarticuhirly, intravenously, intraperitoneally. subcutaneously . 
or intramuscularly. More preferably, the pharmaceutical compositions are 
administered intravenously or intraperitoneally by a bolus injection. Particular 
formulations which are suitable for tins use are found in Remington's 
30 Pharmaceutical Sciences, Mack Publishing Company. Philadelphia. PA. 17th ed. 
(1985). Typically, the formulations will comprise a solution of tiie liposomes 
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suspended in an acceptable earner, preferably an aqueous carrier. A variety of 
aqueous carriers may be used, e.g., water, buffered water. 0.9% isotonic saline, 
and the like. These compositions may be sterilized by conventional, well known 
sterilization techniques, or may be sterile filtered. The resulting aqueous solutions 

5 maybepackagedforuseasis. or lyophilized. the lyophilized preparation being 
combinedwithasterileaqueoussohitionpriortoadministration. The compositions 
may contain pharmaceutically acceptable auxiliary substances as required to 
approximate physiological conditions, such as pH adjusting and buffering agents, 
tonicity adjusting agents, wetting agents and the like, for example, sodhun acetate. 
10 sodhmi lactate, sodium chloride, potasshmi chloride, calcmm chloride, sorbitan 
monolaurate. triethanolamine oleate. etc. 

EXAMPLES 

The invention is Uhistrated by the foUowing examples. These 
15 examples are offered to ilhistrate. but not to limit the present mvention . 

Examp li> 1 

PffPjmition of f .iDosmnes and Immnnnlip ^^niyc 
A> Materiflk 

^ ^88 phosphatidylcholine (EPQ was purchased fiom AvanU Polar 

Upids (Alabaster. AL); cholesterol (Choi) from Calbiochem (San Diego. CA) 
N-Tris[hydn>xymethyl]-2ammoethanesuIfonic acid (TES) from Sigma 
hydrogenated soy phosphatidylcholine (HSPC) fiom Natterman (Cologne. FRG). 
ihodamine-labeled phospholipids from Avanti; desferrioxamine mesylate (desferal) 

25 ftom Ciba-Geigy (Summit. NJ); doxorubicin from Farmitalia. Carlo &ba (Milan, 
Italy) or Cetus (Emeryville. CA); and N-[4p- 

maleimidophenyI)butyryl]phosphatidylethanolamine(M-PE)framMolecularProbes 
(Portland. OR). PEG (M, = 1900)^vatized phosphatidylethanolamine 
(PEG-PE) was synthesized as described (AUen et al., Biochim. Biophys. Acta, 
30 1066: 29-36 (1991)). and obtained ftom Liposome Technology. Inc. (Menlo Park. 
CA). 
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V) Pro paratioTi of Fab* Fragments^ 

Cloned rhuMAbHER2 sequences for heavy and light chain were 
co^xpressed in E. coti as previously described (Carter et al.. Biotechnology 10: 
163-167 (1992)). The antibody fragment. rhuMAbHER2-Fab'. was recovered 
ftom E. colt fermentation pastes by affinity chromatography with Streptococcal 
protein G (Carter et al.. Biotechnology, 10:163-167 (1992) which is incorporated 
herein by reference), typically yielding Fab' with 60-90% containing reduced free 
thiol (Fab--SH). As a control, an irrelevant humanized Fab- was used. Derived 
from an anti-CD 18 murine monoclonal antibody. rhuMAbH52-Fab- differs from 
rhuMAbHER2-Fab' only by replacement of the antigen-binding loops, and showed 
no detectable binding to any known murine or human antigen (Eigenbrot et al. 
Proteins: Structure, Function, and Genetics, 18: 49-62 (1994)). 
r > Prgparat 'f" I ip««<wiies. 

Liposomes were prepared according to the reverse phase evaporation 
15 method (Szoka & Papahadjopoulos. Proc. Nail. Acad. Sci. USA, 75: 4194-H98 
(1978). with Upid composition inchiding EPC:Chol (2:1) or. where stated. 
HSPC-Chol (3:2) and PEG-PE (0^ mole%). Liposomes were subsequenUy 
extruded repeatedly under positive pressure with argon gas through polycarbonate 
membrane fUters of defined pore size sequentiaUy from 0.1 to 0.05 (Olson, et 
al., Biochim. Biophys. Acta, 55: 9-23 (1979); Szoka et al., Biochem. Biophys. 
Acta, 601: 559-571 (1980)). This procedure yields liposomes of 60-120 mn 
diameter as determined by dynamic light scattering. Uposome concentration was 
determined by phosphate assay (Bartiett. J. Biol. Chem., 234: 466-468 (1959)). 
For immunoliposome preparations. 2 mole% M-PE (of total phospholipid) was 
25 included in the lipid mixnire in chloroform prior to the making of liposomes 
(Martin and Papahadjopoulos. /. Biol. Chem., 257: 286-288 (1982)). Liposomes 
without encapsulated doxombicin were prepared m HEPES-NaCl buffer. pH 7.2. 
300 mOsm. HSPC/Chol liposomes containing doxorubicin were prepared in 250 
mM ammonium sulfate containmg 1 mM desferal at pH 5.5. Unencapsulated 
30 ammomum sulfate was removed by gel filtration with G-75 Sephadex. 
Doxombicin in powder form was then dissolved in this liposome suspension at 0. 1 
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mgdoxonibicin/MinolephosphoIipid(Papahadjopoulos«ffl/., Proc. Natl. Acad. Sci. 
USA, 88: 11460-11464 (1991); Huang e/ a/., CancerRes., 52:6774-6781 (1992)). 
which traps doxorubicin within the interior space of the liposome (Lasic et al., 
FEBSLett., 312: 255-258(1992)). Theefificiencyof drug loading via salt gradient 
5 was high and reached >99% loading when 1 mg drug per 10 ^mole phospholipid 
was used. 

Fab' was conjugated to die liposomes after drug loading via thioether 
linkage, as previously described(Manin«a/. J. Biol. Oiem., 257: 286-288 (1982). 
Since maleimide is more stable at lower pH, aU procedures were performed at pH 
10 5.5. Unreacted Fab* was separated fhim immunoliposomes by gel fUtration with 
SephacrylS-400. The maleimide group on immunoliposomes was deactivated after 
conjugation by 2-fold excess of mercaptoethanol to M-PE. The amount of Fab* 
conjugated was detennined by BioRad protein assay. 

Four types of liposomes were prepared. "Conventional" liposomes 
15 without antibody were composed of phosphatidylcholine and cholesterol only. 
"Sterically stabilized" liposomes additionally contained PEG-PE. 
Immunoliposomes were prepared by conjugation of the above with Fab* fragments 
derived from die humanized antibody rhuMAbHER2 to yield conventional or 
sterically stabUized immunoliposomes. Fab* fragments radier than intact antibody 
20 were used for die foUowing reasons: 1) ihuMAbHER2-Fab* fragments can be 
expressed as recombinant proteins in E. coU at extremely high efficiency (Carter 
et al., supra. ) the free thiol group m die Fab* hmge region provides a readily 
availabte site for covalent attachment to modified liposomes, and is distant from 
die antigen binding site; and 3) rhuMAbHER2-Fab' has far less antiproliferative 
25 activity dian intart rhuMAbHER2. and dius it was of interest to see wheflier 
attachment of anti-pl85'=«-Fab- to liposomes would reconstitute tiiis activity. 
Typically, conjugation resulted in approximately 50-100 Fab' molecules per 
liposome particle. 
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Example 2 
Tmnninnli posom e Bindinfi 
The abUity of aiiti-pl85™« inimunoUposomes to bind in vitro to 
breast cancer cells which overexpress the pl85«^ receptor was evahiated by two 
5 methods; a flow cytometric assay and a competitive binding assay. For the flow 
cytometric assay, SK-BR-3. which express high levels of pl85«=«, or MCF-7 
cells, were exposed to anti-pl85™« immunoliposomes for 45 minutes on ice. 
washed with PBS, stained with a secondary anti-human antibody to detect bound 
inmiunoliposomes (HTC-labeled goat anti-human IgG). washed with PBS again. 
10 and then subjected to flow cytometry (Fig. 1). SK-BR-3 cells bound signifi^ 
amounts of either comrentional or stericaUy stabUized anti-pl85"^ 
inmiunoliposomes. but not control liposomes lacking Fab«. MCF-7 breast cancer 
ceUs. which do not overexpress pl85«^. showed minimal binding to anti-pl85'^ 
immuiwliposomes (data not shown). 

Another measure of bmding was afforded by a competitive binding 
assay, in which SK-BR-3 (breast cancer cells) or BT-474 ceUs in monolayer culture 
were simultaneously incubated wiA '^Habeled rhuMAbHER2 or muMAb4D5^ 
0.1 nM for 18 hours at 4»C. and increasing concentrations of anti-pl85»=« 
inmiunoliposomes (Fig. 2). Counts bound were determined by gamma counting. 
Anti-pl85«°° immunoliposomes efficienfly displaced bindmg of rhuMAbHER2 to 
both SK-BR-3 cells (data not shown) and BT-474 cells (which also express high 
levels of pl85"^. An approximation of binding affinity was obtained via 
Scatchard analysis of the binding data, by making the assumption that Fab' on 
immunoliposomes behaved as free ligand. Using this model, apparent binding 
constants for tiie immmioliposomes were comparable to tiiose of free (i.e. 
non-liposomal) rhuMAbHER2-Fabl or intact rhuMAbHER2. Conventional or 
sterically stabUized (6 mole% PEG-PE) control liposomes lacking Fab' showed 
negligible binding. A summary of the binding dau is shown in Table 1. 
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Table 1. Binding of anti-P185"^ immunoIiposMnes to BT-474 cells. 





Ligand 


J^>parent Ka <nM) 


ECso (nM) 


5 


Control Liposome, 
Conventional 


No displacement 


>1000 




Control Liposome, 

Sterically Stabilized 


2500 


>1000 




Anti-pi85™ Immunoliposome, 
Conventional 


9 


15 


10 


ant i -piss™ Immunoliposome, 
Sterically Stabilized 


58 


78 




rhuMAbHER2-Fab' 


22 


30 




rhuMAbHER2 


1 


2 



Anti-ProliferatiTe Activitv of "C rowth-Inhihiring" ImimmiMj ^^ 

To test the aotipiDUferative activity of immunoliposomes aloK. 
without enc^sulated drags, tumor ceUs such as SK-BR-3 or BT-474 cells were 
grown in monolayer culture and then incubated at 37 "C with vaiying 
20 concentrationsof immunoliposomes based on antibody content. After continuous 
treatment for 4 days, cell monolayers were washed with PBS and stained witfi 
ciystal violet dye (0.5% in methanol) for determination of relative proliferation as 
previously described (Hudziak, et al., Mol. Cell Biol 9: 1165-1172 (1989). 

WhUe intaa (bivalent) rhuMAbHER2 inhibited the growth of 
25 pl85"°"s)vercxpressing breast cancer cells in monolayer culture, monovalent Fab' 
fragments of this antibody (rhuMAbHER2-Fab') are much less effective at 
inhibiting growth (O'Connell et al. pages 218-239 In Protein Folding In Vivo and 
In Vuro. , Cleland JL, ed. Washington, D.C. , American Chemical Society, (1993)). 
This observation suggested that cross-linldng of pl85»*^ receptors by bivalem 
30 antibody is important for the antiproUferative effect, and raised the question of 
whether liposomal anchoring of rhuMAbHER2-Fab* fragments might improve the 
antiproliferative activity of Fab' by mcreasing effective valency. 

The effect of anti-pl85"^ immunoliposomes upon SK-BR-3 cells 
in monolayer culture was tested and compared to rhuMAbHER2 and 
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rhuMAbHER2-Fab- (Fig.3). Treatment with conventional or sterically stabilized 
control liposomes lacking Fab' did not significantly affect ceU growth. In contrast, 
bothconventional and sterically stabilized anti-plSS"- immunoliposomes inhibited 
growth in a dose-dependent mam^r. The growth inhibitory effect of the 
5 immunoliposomes reached a plateau of about 30% growth inhibition (70% of 
control growth), approaching the 40% growth inhibition seen with free intact 
rhuMAbHER2. In contrast, free rhuMAbHER2-Fab- induced only modest growth 
inhibition. Similarn«ultswerealsoobtainedwithpl85'-«-overcxpressingBT-474 

breast cancer cells (data not shown). 
10 It is notable that liposome-associated rhuMAbHER2-Fab' produced 

a markedly greater antiproliferative effect than the same amomit of 
rhuMAbHER2-Fab' free in sohition. A plausible explanation is that liposomal 
anchoring of rhuMAbHER2.Fab' allows cross-linking of pl85«^. thus yielding 
biological activity which is comparable to that of the intact bivalem antibody. 

15 

y^amnle 4 

Although empty anti-plSS*^ immunoliposomes displayed 
amiproliferative activity against pl85'-«-ovcrexpressing breast cancer cells in 
20 culture, it was possible to greatiy augment the antineoplastic effect of the 
tomunoliposomesby loading them with cytotoxic agents, thus producing a targeted 
drug delivery system. Doxorubicm was used, because of preclinical and clmical 
evidence suggesting that doxorubicin may be particularly useful against bn^t 
cancers oveiexpressingpl85«^. with or without concomitant immunotherapy. It 

25 was therefore of interest to evaluate the cytotoxicity and specificity of 
doxorubicin-loadedanti-pl85«-nmnunoliposomesagainstpl85H-K>v^^^ 

breast cancer cells and against non-malignant cells that do not overexpress 

Because of the efficient internalization shown by pl85 
30 immmioliposomes (see Exanq,le 5). it was expected that the liposomes might be 

just as effective at killing pl85"^-overexptessing breast cancer cells in culmre as 
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free doxoiubicin. a small (MW 544) amphipathic molecule that readily passes 
through the ceU membrane. On the other hand, cells which do not overexpress 
pI85™«, while susceptible to free doxorubicin, would escape cytotoxic injury from 
doxonibicin-loaded anti-pl85™« immunoliposomes because of the inability of the 
5 immunoliposomes to targ^ them. 

To test the cytotoxicity of doxorubicin-loaded immunoliposomes. 
SK-BR-3 or WI-38 cells in monolayer culture were incubated with fiee doxorabicin 
or doxorubicin-loaded immunolq)osomes for 1 hour, and then washed extensively 
with media. The cells were then further incubated at 37»C for 3 days, after which 
10 cell number was estimated by crystal violet staining as described above. 
Comparison with other assays of ceU growth includmg alamar blue staining, MTT 
staining, and direct cell counting yielded essentially the same results. 

The results of the SK-BR-3 ceUs treated for 1 hour with various 
doxorubicin-loaded immunoliposome preparations, are shown in Figure 4. Under 
15 these conditions, the antiproliferative effect of riiuMAbHER2 is not apparent, as 
it requires continuous exposure of die cells to rhuMAbHER2 (Hudziak et al. , Mol 
Cell Biol, 9: 1165-1172 (1989)). Treatment witii fiee doxombicin for 1 hour 
yielded significant cytotoxicity, with an IC50 of approximately 0.3 ^g/ml. 
Doxorubicm-loaded anti-pl85«°« immunoUposomes showed comparable 
20 dose-dependent cytotoxicity, with an IC50 of approximately 0.2 Mg/ml for 
conventional anti-pWS""* immunoliposomes and approximately 1.0 /ig/ml for 
sterically stabilized (2 mole% PEG-PE) anti-pl85"°« immunoliposomes. lliese 
results indicated tiiat anti-pl85'^ immunoliposome deUvery of doxorubicin to 
pl85'^-overexpressing cells m cutaire was as efficiem a process as Uie rapid 
25 diffusion of free doxorubicin into tiie cells. Doxorubicin-loaded anti-pl85«°" 
inununoliposomes were between 10- to 30-fold more cytotoxic tiian 
doxorubicin-loaded immunoliposomes bearing irrelevant Fab', which only affected 
cell growth at relatively high concentrations (>3.3 /tg/ml). 

WI-38 cells, a non-malignant lung fibroblast cell line which 
30 expresses minimal levels of pl85««2, ^ere also treated with doxorubicin and with 
doxorubicin-loaded anti-pl85"°« immunoliposomes (Figure 4B). Free doxorabicin 
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again produced significant dose-dependent cytotoxicity against WI-SS cells. 
However, doxorubicin-loaded anti-pl85«^ immunoliposomes produced much 
reduced (20-fold less) cytotoxicity against these cells, and were indistinguishable 
from doxorubicin-loaded immunoliposomes bearing irrelevant Fab' . These results 
5 demonstrated the specificity of anti-pl85«^ immunoliposome treatment for 
plSS'^-overexpressing targets, and further confirmed that the cytotoxicity 
observed against SK-BR-3 cells was not simply due to leakage of doxorubicin out 
of anti-pl85™" immunoliposomes and into solution. 

jQ FhtamaleS 

,„triTr"-lt-iri ^ ^ f i»"nii,noli r ^»rT? f fa*" nrtonlasm of thff Targ^ CgB 
To assess internalization of immunoliposomes into the cytoplasm of 
the target cell by fluorescence microscopic assay. Uposomes and immunoliposomes 
were prepared as described in Example 1 with the addition of rhodamine- 
15 phosphatidylethanolamme at 1 mole% of the phospholipid components. The 
resulting rhodamine-labeled liposomes or immunoliposomes were incubated for 
varying amounts of time at 37-C with SK-BR-3 cells grown to subconfluence on 
cover slips. The cells were then fixed with 3% paraformaldehyde, mounted in 
90% glycerol/100 mM Tris. pH8.5. containing 0. 1% p-phenylenediamine (Sigma) 
20 as an antibleaching reagent, and observed with a I^itz Aristoplan fluorescence 
microscope or a Molecuhir Dynamics MultiProbe 2001 confocal microscope. 

To assess internalization and intracellular disposition by electron 
microscopy, nmnunoliposomes were loaded with colloidal gold particles of 5-15 
nm as previously described(Huang et al.. Cancer Res., 52: 5135-5143 (1992); 
25 Straubinger et al., CeU, 32: 10639-1079 (1983). Gold-containing 
immunoliposomes were incubated at 37-C with SK.BR-3 ceUs grown on cover 
slips for varying amounts of time, and the cells were then fixed and processed for 
electron microscopy. StabUization of liposomes was achieved using tannic acid m 
the primary fixation(Straubinger etal.,, supra), which provided adequate albeit not 
30 optimal preservation of the ultrastructure. 
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The antibody rhuMAbHER2 is rapidly internalized by 
pl85«H«^verBxpressing tumor cells via receptor-mediated endocytosis (Sarup et 
al.. Growth Regul. 1: 72-82 (1991)). To assess whether anti-pl85'=« 
immunoliposomes are internalized within SK-BR-3 cells, cells were tinted with 
rhodamine-labeled immunoliposomes for different time intervals, fixed and 
visualized by fhiorescence microscopy. SK-BR-3 cells treated with conventional 
or sterically stabilized control liposomes lacking Fab' showed neither surface nor 
internal rhodamine fluorescence, consistent with the inability of control liposomes 
to bind to these cells. When treated with conventional anti-pl85™« 
immunoliposomes. SK-BR-3 cells exhibited intense foci of fluorescence both at the 
ceU surface and intracellularly within 30 minutes of treatment. Confocal 
fluorescence microscopy confirmed that rhodamine fluorescence was presem both 
at the cell surface and internalized within the cytoplasm of SK-BR.3 ceUs. In 
contrast, treatment with stcricaUy stabilized anti-pl85«o» immunoliposomes 
containing high PEG-PE concentrations (6 mole%) resulted in minimal intracellular 
fluorescence after 30 mimites. Because it appeared that the presence of PEG-PE 
retarded immunoliposome internalization, sterically stabUized immunoliposomes 
containing reduced concentrations of PEG-PE were evaluated. Immunoliposomes 
containing 2 moIe% PEG-PE yielded an intermediate degree of intracelhilar 
20 fluorescence after 30 minutes, i.e. less tian dm seen wifl, conventional 
immunoliposomes but more flian tiiat seen with 6 mole% PEG-PE<»ntaining 
immunoliposomes. Despite somewhat retarded internalization, die sterically 
stabilized immunoliposomes containing 2% PEG-PE did accumulate intracellularly 
with longer incubation time, such as at 2 hours. Thus. whUe anti-plSS'^" 
25 immunoliposomes were internalized within SK-BR-3 ceUs. die rale of 
internalization was inversely related to die PEG-PE content of die 
immunoliposomes. 

To stody die intracellular disposition of immunoliposomes and dieir 
contents, electron microscopy was performed usmg immunoMposomes containing 
30 encapsulated colloidal gold particles. SK.BR-3 cells treated witii conventional anti- 
pl85«°« immunoliposomes for 30 minutes showed numerous gold-containing 
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immunoliposomes bound at the cell surface and present intracellularly. Many 
immunoliposomes were observed contiguous with, and apparenUy bound to. the 
cell membrane. Some immunoliposomes were found in coated pits as weU as 
within coated vesicles, endosomes. multivesicular bodies, and lysosomes. This 

5 intracellular distribution is consistent with internalization via the coated pit 
pathway. However, also observed were immunoUposomes appearing to fuse with 
the cell membrane, without coated pit formation. In addition, some gold particles 
appeared fiee within the cytoplasm, not associated wiih a liposomal capsule or a 
membrane-bound organelle. Gold particles free within the cytoplasm might have 

10 resulted from fusion events between immunoliposomes and the ceU membrane. 

Alternatively, they may have arisen following endocytosis. with escape of the 
encapsulated gold particles occurring somewhere along the coated pit pathway. 

y.«minle 6 

15 f ^r^. Tnmnr i^^^^^Q ^ «nd Biodistribntion of fawnnn^liposffm^ 

^nil Iminmiplipo *«"»¥ Contents 
Young (4-6 week) female SC3D mice were mjected with BT^74 
ceUs in the subcutaneous tissue of the flank or of tiie mammary fat pad, and 
additionaUy treated witii subcutancously implanted estrogen pellets to support tiie 
20 mmorigenic growth of these cells. When palpable tumors achieved a size of at 
least 300 mm' (typicaUy 14 days post-inoculation), immunoliposomes were 
administered by single intravenous injection (via tail vein) or single intraperitoneal 
injection, in a volume of approxhnately 200 mL containing approximately I /xmole 
of total lipid. Animals were sacrificed at designated times post-injection. organs 
25 perfiised with saline in 5im. and tissues immediately excised for For 
biodistribution and imaging analysis after injection of rhodamine-labeled 
immunoliposomes, freshly excised tissues were fixed and examined by confocal 
fluorescence microscopy . For quantitative localization of doxorubicin delivered by 
immunoliposomes. excised tissues were homogenized and subjected to acidified 
30 etiianol extraction; the extracted doxorubicin was tiien measured by 
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spectronuorimetric assay as previously described (Gabizon et al. . J. Ncal. Cancer 
Inst., 81: 1484-1488 (1989)). 

The biodistribution of anti-pl85™« immunoliposomes and their 
abaity to localize to and accumulate within tumors in vivo was evaluated in a tumor 
5 xenograft model. In this model, immunodeficient mice carrying established 
subcutaneous BT-474 tumor xenografts were treated with unmunoliposomes by a 
single intravenous or intraperitoneal injection. Imaging studies with confocal 
fluorescence microscopy were performed to detect rhodamine-Iabeled 
immunoliposomes within various tissues of animals sacrificed after treatment. 
10 Within 6 hours of intravenous injection, rhodamine fhiorescence was visualized 
within the xenografted tumor, while no significant fluorescence was observed 
within surrounding muscle. This technique, however, did not allow precise 
delineation of immunoliposomes within tumor tissue. For a quantitative evahiation 
of the biodistiibution and localization of doxorubicin delivered by 
15 immunoliposomes, doxorubicin was assayed from tissue extracts of tieated animals. 
24 hours after intraperitoneal injection, doxorubicin deUveied by sterically 
stabUized anti-pl85«°« immunoliposomes had accumulated within tumor 
xenografts, with lower levels of doxorubicin found in surrounding muscle and in 
blood (Table 2). 
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Table 2. Anti-P185«=" immunoliposome delivery of doxorubicin in vivo: 
biodistribuuon 24 hrs after single ip injectioa. 



Tissue/Fluid 



Doxorubicin Level 

(% injected dose/g of tissue) 



10 



Tumor 
Muscle 
Liver 

Ventr icular Blood 
Tumor/Muscle Ratio 
Tumor/Blood Ratio 



1.64 
0.61 
13.46 
0.88 

2.69 
1.88 



The above examples are provided to illustrate the mvemion but not to limit 
its scope. Other variants of the invention will be readily apparent to one of 
ordinarv- skill in the art and are encompassed by the appended claims. All 
15 publications, patents, and patent applications cited herein are hereby incorporated 
by reference. 



SUBSTITUTE SHEET (RULE 26) 



W09«/14864 



PCT/US9S/14710 



42 

WHAT LS CT.ATMFn J fl- 

1 . A growth-inhibiting immunoliposome that q)ecifically binds 
to a cell bearing a characteristic ceU surfece marker, said fanmunoliposome 
comprising: 

5 a Fab' domain of an antibody where said Fab' domam 

specifically bmds said mark^; and 

an amphipathic vesicle-formiiig lipid, said lipid forming a 
liposome containing no growth-inhibiting therapeutic agwit; 

wherein said immunoliposome inhibits the proliferation of said cell. 

10 

2. The immunoliposome of claim 1, wherein said marker is a 
growth factor receptor. 

3. The immunoliposome of claim 2, wherein said marker is a 
15 growth factor receptor selected from the group consisting of HERl , HER2, HER3 

and HER4. 

4. The immunoliposome of claim 3, wherein said marker is 

HER2. 

20 

5. The immunoliposome of claim 4, wherem said Fab' domain 
is a humanized Fab* domain of an anti-HER2 monoclonal antibody. 

6. The immunoliposome of clann 1, wherein said liposome 
25 further comprises a maleimide derivatized phosphatidylcthanolamine (M-PE) which 

forms a thioether linkage to said Fab' domain of an antibody. 

7. The immunoliposome of claim 1, wherein said vesicle 
forming lipid comprises a lipid selected from the group consisting of a 

30 phospholipid, a glycolipid, a sphingolipid, and a sterol. 
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8. The immunoliposome of claim 1 further comprising a 
polyethylene glycol derivatized lipid wherein the polyethylene glycol has an 
average molecular weight of between about 750 D and 5000 D. 

5 9. The immunoliposome of claim 1. wherein the average 

diameter of said liposome ranges from about 50 nm to about 500 nm. 

10. The immunoliposome of claim 9 wherein the average 
diameter of said liposome is about 100 nm. 

11. The immunoliposome of claim 8 wherein: 

said Fab' domain of an antibody is rhuMAbHER2; 
said Fab' domam of an antibody is conjugated to 
maleunide derivatized phosphatidylethanolamine (M-PE); 
j5 said vesicle formmg Upid is phosphatidylcholine (PC) 

and cholesterol (Choi); and 

said derivatized lipid is polyethylene glycol derivatized 
phosphatidylethanolamine (PEG-PE) wherein said polyethylene glycol has a 
molecular weigltt of about 1900 D; 
20 where the ratio PC:Chol:M-PE is about 150:100:3 and «id PEG-PE is present to 
an amount up to about 3.6 mole percent of total lipid. 

12. A method of inhibiting growth of a cell bearing a 
characteristic ceU surfece marker, said method comprising contacting said cell with 
25 a growth-inhibiting immunoliposome. said hmnunoliposome comprising: 

a Fab' domain of an antibody where said Fab' domam 

specifically binds said marker; and 

an amphipathic vesicle-formmg Upid. said lipid fonning a 

Uposome comaining no growth-inhibiting therapeutic agent. 

30 
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13. The method of claim 12, wherein said marker is a growth 
factor receptor selected from the group consisting of HERl, HER2, HER3 and 
HER4. 

5 14. The method of claim 13, wherein said Fab' domain is a 

bumanized Fab* domain of a monoclonal antibody. 

15. The method of daim 12, wherein said liposome fiirther 
comprises a maleimide derivatized phosphatidylethanolamine (M-PE) which forms 

10 a thioether linkage to said antibody. 

16. The method of claim 12, whoein said vesicle forming lipid 
comprises a lipid selected from the group consisting of a phospholipid, a 
glycolipid, a sphingolipid, and a sterol. 

15 

17. The method of claim 12, wherein said immunoliposome 
further comprises a polyethylene glycol derivatized lipid wherein said polyethylene 
glycol has an average molecular weight of between about 750 D and 5000 D. 

^ 18- The mediod of claim 12, wherein the average diameter of 

said Iqrasome ranges fhnn about 50 nm to about 500 nm. 

19. The method of claim 12, wherein: 

said Fab* domain of an antibody is rhuMAbHHlZ; 
^ said Fab* domain of an antibody is conjugated to 

maleimide derivatized phosphatidylethanolamine (M-PE); 

said vesicle forming lipid comprises 
phosphatidylcholine (PC) and ctolesterol (Choi); and 

said derivatized lq)id is polyethylene glycol derivatized 
30 phosphatidylethanolamine (PEG-PE) wherein said polyethylene glycol has a 
molecular weight of about 1900 D; 
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Where the ratio PC:Chol:M-DPE is 150:100:3 and said PEG-PE is present in an 
amount up to 3.6 mole percent of total lipid. 

20. An immunoliposome that optimizes internalization of a 
5 fl^rapeutic agent into the cytoplasm of a ceU bearing a characteristic cell 

marker, said nnmunoliposonw comprising: 

a Fab' domain of an antibody wherein said Fab' domain 

specifically binds said marker; 

an amphipathic vesicle-forming lipid, said vesicle-forming 

10 lipid forming a liposome; 

a polyethylene glycol derivatized lipid wherein the 

polyethylene glycol has an average molecular weight of between about 750 D and 
5000 D. the derivatized lipid being present at up to about 3.6 mole percent of the 
total lipid; and 

j5 a therapeutic agent contained within said liposome. 

21. Tbt immunoliposome of claim 20. wherein said marker is a 
growth factor receptor selected from the group consisting of HERl . HER2. HER3 
andHER4. 

20 

22. The immunoliposomeof claim21. wherein said Fab' domam 
is a humanized Fab' domain of a monoclonal antibody. 

23 The taimunoliposome of claim 20. wherein said liposome 
25 furtiiercomprisesamaleimidederivatizedphosphaudylethano^ 
forms said thioether linkage to Fab' domain of an antibody. 

24. The immunoliposome of claim 20. wherein said vesicle 
forming lipid is selected from the group consisting of a phospholipid, a glycolipid. 
30 a sphingolipid, and a sterol. 
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25. The immunoliposome of claim 20, wterein the average 
diameter of said liposome ranges from about 50 mn to about 500 nm. 

26, The immunoliposome of claim 20, wherein said therapeutic 
5 agent is selected from the group consisting of daunomycin, idanibicin, 

mitoxantrone. mitomycin, cisplatin and other Platinum D analogs, vincristine, 
epirubicin, aclacinomycin, methotrexate, etoposide, doxorubicin, cytosine 
arabinoside, fluorouracil and odier fluorinated pyrimidines, purines, or nucleosides, 
bleomycin, mitomycin, plicamycin, dactinomycin, cyclophosphamide and 
10 derivatives thereof, thiotepa, BCNU. taxol, taxotere and other taxane derivatives 
and isolates, camptothecins. polypeptides, a nucleic acid, a nucleic acid having a 
phosphorothioate intemucleotide linkage, and a nucleic acid having a polyamide 
intemucleotide linkage. 

15 27. The immunoliposome of claim 20, wherein: 

said Fab' domain of an antibody is rfauMAbHER2; 
said vesicle forming lipid comprises 
phosphatidylcholine (PC) and cholesterol (Choi); 

saidderivatizedlipidispolyethyleneglycol derivatized 
20 phosphatidylethanolamine (PEG-PE) wherein said polyethylene glycol has a 
molecular weight of about 1900 D; 

said antibody is conjugated to maleimide derivatized 
phosphatidylethanolamine (M-PE); 

wherein said ratio of PC:Chol:M-DPE is 150:100:3:6 and 
25 said PEG-PE is present in an amount less than 3.6 mole peicem of total lipid. 

28. A method of optimizing internalization of a therapeutic agent 
into the cytoplasm of a cell bearing a characteristic cell surface maricer, said 
method comprising the steps of 

^® a) contacting said cell with an immimoliposome, said 

immunoliposome comprising: 
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i) an Fab* domain of an antibody where said Fab* 

domain specifically binds said marker; 

ii) an amphipathic vesicle-forming lipid, said lipid 

forming a liposome; 

5 iii) a polyethylene glycol derivatized lipid wherein the 

polyethylene glycol has an average molecular weight of between about 750 D and 
5000 D, the derivatized lipid being present at less than 3.6 mole percent of the 
total lipid; and 

iv) a therapeutic agent contained within said liposome; 

10 and 

b) internalizing said liposome itself into said cell. 

29. The method of claim 28, wherein said internalizing comprises 
transporting said liposome directly into ttie cytoplasm of said cell. 

15 

30. The method of clann 28, wherein said maricer is a growth 
factor receptor selected from the group consisting of HERl, HER2, HER3 and 
HER4. 

20 31. The method of claim 30, wherem said Fab' domain is a 

himianized Fab' domain of a monoclonal antibody. 

32. The method of claim 28, wherein said vesicle forming lipid 
is selected from the group consisting of a phospholipid, a glycolipid, a 

25 sphingolipid, and a sterol. 

33 . The immunoliposome of claim 28, wherein said therapeutic 
agent is selected from the group consisting of daunomycin, idarubicin, 
mitoxantrone, mitomycin, cisplatin and other Platinum H analogs, vincristine. 

30 epirubicin, aclacinomycin, methotrexate, etoposide, doxorubicin, cytosine 
arabinoside, fluorouracil and other fluorinated pyrimidines, purines, or nucleosides. 
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bleomycin, mitomycin, plicamycin, dactinomycin, cyclophosphamide and 
derivatives thereof, thiotepa, BCNU, taxol, taxotere and other taxane derivatives 
and isolates, camptothecins, polypeptides, a nucleic acid, a nucleic acid having a 
phosphorothioate internucleotide linkage, and a nucleic acid having a polyamide 
intemucleotide linkage. 



34. The immunoliposome of claim 28, wherein: 

said Fab' domain of an antibody is rhuMAbHER2; 
said vesicle forming lipid comprises 
10 phosphatidylcholine (PC) and cholesterol (Choi); 

said deri vatized lipid is polyethylene glycol deri vatized 
phosphatidylethanolamine (PEG-PE) wherein said polyethylene glycol has a 
molecular weight of about 1900 D; 

said Fab' domain of an antibody is conjugated to 
15 maleimide derivatized phosphatidylethanolamine (M-PE); 

wherein said ratio of PC:Chol:M-DPE is 150: 100:3 :6 
and said PEG-PE is present in an amount up to 3.6 mole percent of total lipid. 
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